Some springs in Awing, North West Cameroon, were assessed in order to ascertain their quality for human consumption. Achialum, Meupi, and Ala'amiti quarters in Awing depend on springs as the major source of drinking water and inhabitants consume it in its natural state without prior assessment and treatment. Water samples were collected from Achialum, Meupi, and Ala'amiti and analysed for organoleptic, physicochemical, and bacteriological parameters using standard methods. Results of organoleptic and physicochemical parameters showed that most of the parameters fell below WHO limits. Water quality index results, based on physicochemical parameters only, showed that Achialum and Ala'amiti springs were of good quality while Meupi spring was of poor quality. Water quality index may not carry enough information about the real quality situation since a single bad parameter value can give misleading information about the water quality. However, the bacteriological aspect revealed the presence of faecal coliforms and pathogenic bacteria in all the springs that justified the high rate of water borne diseases recorded in the area. This poor water quality could be associated to poor hygiene and farming practices. Thus, the population of Awing should implement home water treatment methods such as boiling, filtration, or chlorination before consumption.
Introduction
Water is a very important component of life for both plants and animals and it is essential in sustaining life. Improving access to safe drinking water can result in tangible benefits to health. The quality of drinking water has a powerful impact on public health and therefore, the effective monitoring and comprehensive assessment of public or community drinking water systems are crucial to protect the wellbeing of the public [1] [2] [3] [4] [5] .
The main sources of water are rain water, groundwater (wells, boreholes, and springs) and surface water (rivers, lakes, streams, and oceans). A spring can be described as any natural occurrence where water flows on to the surface of the earth from below underneath. Springs may result from karst topography where surface water has infiltrated into the earth's surface, becoming part of the area's ground water that travels through a network of cracks and fissures ranging from intergranular spaces to large caves. The water eventually emerges from below the surface, in the form of a spring [6, 7] . Springs are very important elements of the natural environment and respond well to any changes that occur in natural ecosystems, and therefore can be classified as important hydrogeological indicators. In mountainous areas, springs are an important element of groundwater studies [8] .
The United Nations Convention on the Rights of the Child stipulates that states and their partners have the obligation to provide clean drinking water to all children [9] . The consumption of water containing pathogenic organisms or toxic chemicals and the use of inadequate volumes of water, 2 Journal of Chemistry resulting in poor hygiene, pose serious risks to human health [4, 5] . In addition, the organoleptic characteristics of water (colour, taste, and odour) might render it unfit for drinking and other uses. For this reason, water quality assessment and continuous monitoring are of utmost importance [4] . National drinking water standards often stipulate the maximum permissible concentration of contaminants in drinking water. In cases where such national standards are not available, the "guidelines for drinking water quality" published by World Health Organization (WHO) is followed [2] . Each value given in the guidelines represents the concentration of a constituent that does not result in any significant health risk to the consumer over a lifetime of consumption.
Water quality assessment provides the base line information on water safety. Since water quality in any source of water and at the point of use can change with time and other factors, continuous monitoring of water is essential. The list of parameters to be tested in any water assessment and monitoring program will vary according to local conditions of the area. Parameters that are basic and generally considered priorities in any water quality assessment include organoleptic parameters, physicochemical parameters, harmful chemicals, and microbiological parameters [2, 9] .
For water resources to be managed in an effective manner, development should be viewed as an integrated and continuous process for sustainability and poverty reduction [11] . In Awing, treated pipe born water is developed and managed by Ndong Awing Cultural and Development Association (NACDA). The pipe born water supply line does not reach all the quarters in Awing and may be due to the hilly nature of these quarters. Some quarters in Awing such as Achialum, Meupi, and Ala'amiti depend so much on springs as the major source of drinking water. Most inhabitants of these quarters consume this spring water in its natural state without any prior treatment as it appears clean upon viewing. But data from the Awing Health District showed that most of the water borne diseases registered yearly in Awing are from these quarters that are not connected to the treated pipe born water supply line.
Faced with the above problem and coupled with the fact that the quality of springs in this area has never been assessed, the major objective of this research work was to evaluate the quality of some springs in Awing in order to provide information on the extent of contamination and the prevalence of water borne diseases in these areas. To achieve this objective, organoleptic, physicochemical, and microbiological parameters of the water samples were examined and correlated to the water borne diseases registered in the study area. This gave room for firm recommendations to be made on the proper management of the springs by the inhabitants to enhance good drinking water quality and better health conditions.
Materials and Methods

Site Descriptions.
Awing is found in the grass field zone of Cameroon, precisely in Santa Subdivision of the Northwest Region of Cameroon (Figure 1 Figure 2 ).
Water samples were collected following the grab sampling method. Sampling was done early in the morning, afternoon, and evening periods. Samples were collected the same day in order to better evaluate the quality of the water sources. Water samples were collected in plastic bottles of 1.5 L thoroughly cleaned and rinsed with the water to be sampled. Samples were then labelled and taken to the laboratory where preservation and analysis were done.
Laboratory Analysis
Organoleptic and Physicochemical Analysis.
Organoleptic parameters were determined using the human senses. The appearance of the samples was determined by observing with the eyes. The characteristics of interest included the perceptible colour of the water, state of floating of the particles, and speed of flow. Odour was described by making use of the sense of smell either as being offensive or smelling. pH and temperature were measured in the field with a pH/T meter (Pen type). Water turbidity was measured using a turbidimeter (DRT, 100B, MF scientific, Inc. model) by allowing a beam of light to be projected towards the tube in which the samples were contained. Electrical conductivity was measured using a conductimeter (Wissenschaftlich-Technische-Werkstätten = WTW model). Chloride content was measured using the argentometric method (silver nitrate titration). Total nitrogen exists in three forms, namely, nitrate-nitrogen (NO 3 -N), ammonium-nitrogen (NH 4 + -N), and organic-nitrogen (byproducts from living organisms). Ammonium-nitrogen and nitrate-nitrogen were determined by Kjeildahl's distillation method. Phosphates were determined by UV-visible spectrophotometric analysis. The bicarbonates were determined by acid-base titration and sulphates by gravimetric analysis. Ca and Mg were determined by complexometric titration while Na and K were determined by flame photometry following methods described by Pauwels et al. [13] .
Bacteriological Analysis.
Two methods were used: the multiple tube fermentation technique or most probable number (MPN) technique for the presumptive determination of total coliforms and the standard count plate technique for determination of specific bacteria (Salmonella, Escherichia coli, Streptococcus, Proteus, and enterobacteria) as described by Cheesbrough [14] . In this technique a 100 mL water sample was distributed (1 mL amount, 10 mL amount, and 50 mL amount) in bottles of sterile selective culture broth containing lactose and an indicator. After incubation, the number of bottles in which lactose fermentation with acid and gas production occurred was counted. The lactose is fermented by the coliforms in the water. With reference to probability tables, the most probable number of coliforms in the 100 mL water sample was estimated and the water category obtained.
Water Quality Index.
The water quality index (WQI) model simplifies the presentation of results of an investigation related to a water body as it summarises in one value or concept a series of parameters analysed. A single WQI value makes information more easily and rapidly understood than a long list of numerical values for a large variety of parameters. More so, WQI also facilitates comparison between different sampling sites and events [15] [16] [17] [18] . The following steps were used for determining the WQI [18] . In the first step, the unit weight ( ) for each water quality parameter was determined using the following formula:
where is standard value of th parameter recommended by WHO;
is the proportionality constant which is calculated by using the following equation:
The inverse of the sum of inverses of standard parameters is used in order to make parameters expressed by large numbers to weigh less in the final formula (see (4)).
In the second step, quality rating or subindex ( ) was computed for each of the parameters using the expression
where is estimated value of th parameter in the analysed water sample; 0 is ideal value of this parameter in pure water (it is zero for all parameters except pH = 7.0 and TDO = 14.6 mg/L); is recommended standard value of th parameter given by WHO.
In the final step, the overall WQI was calculated by using following formula:
Statistical Analysis. Paired sample Student's test (t-test)
was used to compare the results for each parameter in the dry and rainy seasons. Pearson's product moment correlation analyses were also performed between some selected water physicochemical parameters and bacteria content of the water samples. Analyses at 95% confidence level were used to determine the significant difference at ≤ 0.05. All statistical analyses were performed using SPSS Version 19.
Results
Results of organoleptic, physicochemical, and bacteriological analyses of Achialum (AC), Meupi (ME), and Ala'amiti (AL) springs are presented in Tables 1-5 − and Streptococcus ( = 1.00, < 0.01), and Shigella and Salmonella ( = 0.997, < 0.05).
Discussion
Results of organoleptic parameters showed that all the water samples were colourless with tiny debris and also odourless (Table 1) . This may be due to the fact that these springs are naturally filtered as they flow vertically from underground to the surface. Debris in the water samples may be as a result of infiltration of solid particles as the water flows through the soil surface. Ideally, safe drinking water should be clean and clear, as well as colourless and odourless. Colour, odour, and taste in drinking water are generally indicators of other contaminants [2] . This implies that these sources of water will require extra physical treatment techniques such as filtration to render it potable.
The pH of all the samples ranged from 6.5 to 7.2 with AL spring having the lowest mean value and ME spring the highest mean value (Table 2 ). These pH values fell within WHO acceptable limit (6.5-8.5), meaning that there was no case of acidity or alkalinity which could be accompanied by adverse consequences. The pH interval given by the WHO guidelines is mostly linked to the preservation of pipes against corrosion. Therefore, if water is taken by people with plastic bottles/containers, the pH issue has relatively limited importance.
The temperature of all the samples ranged from 19.9 ∘ C to 23.8
∘ C with AC spring having the highest mean value and ME spring the lowest mean value ( Table 2 ). The lower temperatures recorded in the dry season compared to the rainy season may be due to the fact that the climatic conditions of the area permit a general decrease in temperature during the early morning hours of the dry season as compared to the rainy season. All the values fell within WHO acceptable limit (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) ∘ C). The electrical conductivity levels of all the samples ranged from 0.03 to 1.6 mS/cm (Table 2) . These values were quite low compared to the WHO limit of 2 mS/cm and were within limits, suggesting the occurrence of low mineralized water with very little dissolved solids [19] . Therefore, there was no contamination from dissolved solids. The positive correlation observed between EC and Ca 2+ ( = 1.000, < 0.01) and between EC and Mg 2+ ( = 1.000, < 0.01) could be explained by the fact that Ca 2+ and Mg 2+ ions are usually the most concentrated cations in natural waters that contribute to the electrical conductivity of water.
The turbidity of all the samples ranged from 0.3 to 6.6 NTU as shown in Table 2 . Comparing these results to the WHO limit of 5 NTU, it turned out that AC and AL springs were within the acceptable limits while ME spring was slightly turbid in April. This implies that the amount of suspended solids was quite small in the water samples. The most worrying effect of turbidity is its contribution in bacteria and viruses' growth and also its capacity to protect them against disinfection [20] . For this reason, the bacteriological quality of ME spring could be doubtful while AC and AL springs present no risk associated with turbidity. A positive correlation was also observed between turbidity and enterobacteria ( = 0.997, < 0.05) suggesting that their growth is favoured by the presence of suspended solids in water.
The mineralization of water is dominated by eight ions usually called the major ions. They are calcium, magnesium, Table 3 : Results of chemical parameters. contents may be due to their low content in rocks of the study area. Similar results were reported by Wirmvem et al. [19] , working on the hydrochemistry of shallow groundwater and surface water in the Ndop plain, Northwest Cameroon, and Ghazali and Zaid [20] , working on the physicochemical and bacteriological quality of spring waters of Ain Salama-Jerri (area of Meknes, Morocco). The positive correlation between Ca 2+ and Mg 2+ ( = 0.999, < 0.05) and Na + ( = 1.000, < 0.01) was probably due to their common origin. From the results obtained, no contamination by calcium and magnesium was observed and consequently, the water is soft [21] . However, the low content of both elements need to be compensated through other means as they are essential for humans and a deficiency in both may lead to unhealthy bones and teeth in the long run, have negative effects on the nervous system, the digestive system, and may also cause muscles' cramps and cardiovascular mortality in the shorter term [2] .
Potassium and sodium levels varied from 0.1 to 0.6 and 0.0 to 0.2 mg/L, respectively ( Table 3 ). The concentrations were very low compared to the WHO limit of 200 mg/L for both potassium and sodium. Low K + may be due to its low geochemical mobility [19] . Sodium in water generally comes from the leaching of geological formations containing sodium chloride as well as rock salt decomposition like sodium and aluminium silicates [22] . So, low Na + is probably due to low NaCl as well as low sodium and aluminium silicates in the soils of the study area. Thus, there was no potassium and sodium contamination. These results are similar to those obtained by Wirmvem et al. [19] Chloride was nondetectable in all the samples. This was possibly due to the nature of the soil [22] . So, the water sources were of good quality with respect to chloride content.
The classification of water for agricultural purposes is based on specific conductance expressed as Total Dissolved Solids (TDS), sodium content, and boron concentration. Sodium content is the most important element used to determine water quality for the basis of agriculture because it is the reaction of sodium with soil that determines soil's permeability. To determine the suitability of water for agricultural purposes, a formula called the sodium adsorption ratio (SAR) was used [6] :
The SAR was 0.034, 0.026, and 0.022 for AC, ME, and AL springs, respectively. So from Table 6 , all the springs fell within the excellent range (0-10), indicating that the water is very good for agricultural purposes.
Bicarbonates are responsible for water alkalinity. Analysis showed that the samples had bicarbonate ranging between 18.3 and 43.92 mg/L, which were below the WHO value of 1000 mg/L ( Table 3 ). The presence of HCO 3 − suggests its possible igneous origin [19] . HCO 3 − may also originate from the dissolution of carbon dioxide and its low content is possibly due to the process of autopurification of water. Thus Very poor D >100
Unfit for drinking purpose E bicarbonate levels presented no contamination of the water samples. The positive correlation between HCO 3 − and enterobacteria ( = 0.999, < 0.05) and between HCO 3 − and Streptococcus ( = 1.00, < 0.01) suggests that water with high alkalinity favours their growth.
Sulphate levels ranged from 0.58 to 24.6 mg/L and were insignificant compared to the WHO value of 250 mg/L (Table 3) . Excess sulphate can cause adverse gastrointestinal problems. Its presence in water can be as a result of acid rain, the dissolution of evaporated sedimentary rocks, and the use of artificial fertilizer and detergents [23, 24] .
The concentration of NO 3 -N in the samples ranged from 1.4 to 8.51 mg/L (Table 3) which when compared to the WHO limit of 50 mg/L fell well below. The slight increase in the amount of NO 3 -N in the month of May 2017 (rainy season) could be a consequence of leaching from natural vegetation and anthropogenic sources like the use of organic fertilizers washed into the springs by runoff [2, 4] . Elevated nitrate contents can cause the disease known as "blue-baby" or methemoglobinemia [24, 25] . Temgoua [25] also reported nitrate content in water ranging between 0.9 and 3.5 mg/L. Thus, the springs were free of nitrate contamination.
The concentration of NH 4 -N in the samples ranged from 5.04 to 12.86 mg/L and was below the limit of 30 mg/L prescribed by WHO (Table 3) . Its presence in water is a possible indicator of bacterial, sewages, and animal wastes pollution [2] . Similar results were reported by Njoyim et al. [4] and Njoyim et al. [5] working on water samples elsewhere in Cameroon. High values of NH 4 -N recorded throughout the study period may have resulted from pollution with animal or human organic matter and could indicate on one hand, high mineralization of water, and on the other hand, an increase in organic matter loads, thus indicating poor water quality. NH 4 -N contents in the samples increased significantly from December to May ( < 0.05) suggesting its leaching from the above sources into the spring waters.
Phosphate were very low (<0.03 mg/L) in all samples in both months and this can be due to its sorption on organic colloids found in water. Wirmvem et al. [19] also reported the absence of phosphate in groundwater in the Ndop plain. Thus, there was no health risk associated with ammonium and phosphate in the springs of the study area.
Suitability of Water for Drinking Purposes Using Water Quality Index (WQI)
. The overall quality of the spring water body was assessed by using the WQI level given in Table 7 [17, 18].
Results of WQI for the springs analysed are presented in Table 8 . The combined effect of physicochemical parameters gave water quality indices of 27.44, 51.71, and 26.78 for AC, ME, and AL respectively. Using Table 7 , AC and AL springs were of good quality while the ME spring was of poor quality. In a nutshell, all the springs were fit for human use as indicated by Pratap et al. [17] . WQI may not carry enough information about the real quality situation of water since the eclipsing or overemphasizing of a single bad parameter value can give misleading information about the water quality [26] . A single number cannot tell the whole story of water quality; there are many other water quality parameters that are not included in the index and thus, other parameters need to be examined before a conclusion can be made about the overall water quality.
Results of bacteriological quality of the analysed water samples are presented in Tables 4 and 5 . Analysis revealed the presence of faecal coliforms in all the water samples with mean counts ranging between 40 and 49 MPN in the month of December 2016 and between 14 and 20 MPN in May 2017. Based on WHO classification, all the spring waters presented a high risk and were therefore unacceptable falling under category C [2] . Further analysis of the water samples also revealed the presence of pathogenic bacteria amongst which there are enterobacteria, E. coli, Streptococcus, Salmonella, Shigella, and Staphylococcus. Colonies of bacteria in 100 mL of the analysed water samples gave high numbers as shown in Table 5 . The presence of faecal coliforms suggests contamination by human or animal faeces. Similar high faecal coliform counts have also been reported elsewhere in Cameroon by Temgoua [25] , Wirmvem et al. [27] , Njoyim et al. [4] , Njoyim et al. [5] , and Njoyim et al. [28] . The variation of the most probable number of coliforms can possibly be due to the influence of rain. The bad quality of this water can be due to poor hygiene and sanitation [4, 5, 29, 30] . The water sources are located in places with a high rate of pollution coming from the toilets and farms resulting in the infiltration of pathogenic microorganisms into the water. The positive correlation ( = 0.997, < 0.05) between Shigella and Salmonella suggests their common origin. The presence of faecal coliforms and pathogenic bacteria showed that the analysed springs were of bad quality. Thus, consumption of the water exposes the local population to water borne diseases such as typhoid, dysentery, and diarrhea.
Data on water borne diseases obtained from the Awing Health District is presented on Figure 3 . Figure 3 shows that water borne diseases are still a major problem in the study area with typhoid levels increasing for the past four years. Results of bacteriological analysis revealed that the water sources were highly contaminated with bacteria and this is confirmed by the number of water borne diseases the populations of the study area are suffering from.
Conclusions
This study was aimed at evaluating the quality of some springs in the Awing Community, Northwest Cameroon. Results showed that the springs were slightly acidic to neutral with pH ranging between 6.5 and 7.2. Electrical conductivity and turbidity were also very low suggesting the occurrence of low mineralized and clear to slightly turbid water. All the essential ions had low concentrations and fell below WHO limits. The sodium adsorption ratio was 0.034, 0.026, and 0.022 for Achialum, Meupi, and Ala'amiti springs, respectively, indicating that all the springs were very good for agricultural purposes. The results of water quality index showed that Achialum and Ala'amiti springs were of good quality while Meupi spring was of poor quality. Water quality index may not carry enough information about the real quality situation since the eclipsing or overemphasizing of a single bad parameter value can give misleading information about the water quality. Concerning the bacteriological aspect, all the samples had very high levels of faecal coliforms and pathogenic bacteria such as enterobacteria, E. coli, Streptococcus, Salmonella, Shigella, and Staphylococcus that justified the bad quality of the spring waters and high rate of water borne diseases recorded in the area. This bad water quality could be associated with poor hygiene as well as poor source management and farming activities [30] . On a general view, the springs presented little or no risk on health as far as organoleptic and physicochemical parameters were concerned. These results conform to those of Malakootian and Dowlatshahi [30] who indicated that the quality of each chemical parameter in drinking water wells of Zarand plain was within permissible limit and did not exceed neither the Iran's standards nor WHO guidelines. The great worry came from bad bacteriological quality not meeting the WHO standards for drinking water. Thus consumption of the water exposes the local population to water borne diseases such as typhoid, dysentery, and diarrhea as already indicated by public health information. Thus, the population of the study area is called upon to implement home water treatment methods such as boiling, filtration, solar disinfection, or chlorination prior to consumption.
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